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1_. Sine Metallurgy (H is tory ).
Of the numerous metallurgies that of zinc, perhaps, is the 
one most lacking in modern improvements. In considering the treat­
ment of d iffe ren t zinc ores in general, and the complex sulphide 
ores in particu lar, i t  w i l l  help, no doubt, to c la r ify  ideas i f  a 
b r ie f h istory o f the metal and its  metallurgy is  reviewed.
Although the ancients discovered zinc,"*- l i t t l e  was known of
1 In ga lls , W. H. Metallurgy of Zinc and Cadmium, 2d edition, 1906.
i t  u n til 1721 when Henckle published his discovery that zinc could 
be obtained from calamine by d is t il la t io n . About 1740 the production 
on an industrial scale was f i r s t  undertaken by John Champion at 
B ris to l, England. This was a d is t il la t io n  process from large pots, 
known as the English process, and continued in use until 1860. The 
Upper S iles ia  industry started about the end of the 18th century, 
fl.-nr; was copied a fte r  the English pot method. The Belgian industry- 
started about 1805 when Pony discovered a method of zinc smelting. 
Insofar as European and American? industry is  concerned, the com-
? P irs t attempted in  the United States about 1850.
mereial production o f zinc is  approximately 100 years old. However, 
as early as 1857 attention was being directed to the low-grade mixed 
sulphide ores, large deposits of which occur in  America and Europe.
1
About this same year Eochel proposed the roasting o f sulphide ore 
1
The problem o f the mixed sulphide ores. Gan. Min. Jour., vo l. 14.
Y/« E. In ga lls , p. 479-86.
so as to obtain zinc sulphate, leach out the zinc, and ultimately ob­
ta in  2n0. This did not prove easy, and for the next fo rty  years 
attention  was directed especia lly to the hydro metal lu rg ica l treat­
ment o f  zinc ores. During that time the number o f proposals has run 
into the hundreds; the number of, individual patents has run into the 
thousands.
in  most o f  these attempts the solution of the zinc as a sul­
phate has been prescribed, and then by various methods o f precipitation 
i t  was proposed to obtain the zinc. But the f ir s t  step in such 
processes was d i f f ic u lt ,  fo r the roasting process fomed insoluble 
compounds as w e ll as leaving some undecomposed sulphides.
Following th is , inventors and investigators ashed, ishy not roast 
to  an oxide, produce H2SO4  from the gases produced in roasting and then 
leach. Although this seems simple, the extraction o f zinc from such solutions, 
in  general, was too low fo r commercial purposes.
These simple hydrometallurgical processes were followed by the 
attempted application o f e le c tr ic ity  to leached solutions. Marked suc­
cess has followed many o f these investigations until today we find 
e le c tro ly t ic  zinc plants producing approximately 10$ o f the world’ s 
to ta l zinc output. And we may expect rapid strides to be made in the 
near future in  th is branch o f zinc production
1
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Along with these attempts have been many others, dating back 
to an early time, and having to do -with the smelting o f zinc ores in 
the blast furnace. This line o f investigation, too, has proved almost 
fru it  less . The d i f f ic u lt y  lias come, not so much in the smelting but, 
as is s t i l l  the case in any proposed process, in the condensation of 
the zinc. This d if f ic u lty  is due to the in ab ility , in a blast furnace, 
to aboid the formation o f blue povvder.
Of course, while these various investigations have been car­
ried  on and proposals made, the zinc industry has not been at a stand­
s t i l l .  Practica l men have been improving the art o f  retort smelting 
u n til today the industry has grown to the point where there are in 
use in  th is country thousands o f retorts with an output in 1922 o f 
approximately 338,000 tons o f zinc. These improvements have not come 
in a day, but rather —  as in the case o f other metallurgical advances 
by small improvements, u n til zinc metallurgists find themselves 
handling ores containing a degree o f impurity formerly unheard o f. 
Furthermore, coupled with th|se small improvements, came improvements 
by m ill men in concentrating practice, enabling them to deliver to 
the smaller a product o f such grade that i t  could more eas ily  be 
smelted.
Yi/hile almost every ore can be treated in one way or another, 
some are particu larly  d i f f ic u lt .
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2. Statement o f problem.
In the United States^ alone there are untold thousands of
Johnson, V. Me A. E lec tr ic  Zn—ph Smelting. Gan. Xlin. Jour. Inst, 
v o l.  17, p. 107-29.
tons o f zinciferous ores containing as much as 30 percent comhined 
zinc and lead, which cannot now he treated profitab ly by existing 
chemical or m etallurgical processes. There is  too much zinc present 
to permit o f p ro fitab le  smelting in  a lead or copper furnace, and 
there is  too much base metal, iron or lime, present fo r the p ro fit­
able treatment in  the retort furnace fo r zinc. These zinciferous 
ores are le f t  in  the mines, or the deposits are undeveloped, await­
ing the advent o f some commercial process; therefore, when the com­
mercial application o f such a process is  established i t  w il l  be a 
great factor in the metallurgical world, since i t  w i l l  permit the 
extraction of both base and precious metal from material which, on 
account of it s  complex character, is  now le f t  in  undeveloped de­
posits . While we might be correct in  saying that most a l l  ores can 
be treated by a furnace method, i t  always resolves into a question 
of “ dollars and cents” ; whether a process w ill pay depends upon the 
grade o f ore and the conditions under which i t  occurs and is  treated.
There is  no question, perhaps, that the reactions occurring 
in the metallurgy of zinc are in general, quite well bn own. Practical 
smelter men seek resu lts; they are desirous o f obtaining a maximum 
recovery in the least possible time, and with the least possible ex­
4
penditure of heat energy. Certain factors, of course, govern the ac­
complishment o f th is desire. Many of these factors are known, having 
been gleaned from years of experience in retort smelting.
Accurate information is  lacking as to the e ffec t of tempera­
ture and time o f d is t i l la t io n  on the re lative proportions of zinc, 
lead and s ilv e r  v o la t iliz e d  from complex ores, and while i t  is  ev i­
dent that the p o ss ib ility  of the commercial treatment of these complex 
ores has engaged the attention of metallurgists fo r years, i t  is one 
that w il l  s t i l l  bear investigation even on a small scale.
2_. Method of A ttack.
The possible treatment of zinc ores in the e lec tr ic  furnace is  
not a new idea. Attempts have been made, from time to time, during 
the la s t 25 years to smelt zinc ores in such a furnace. The l i s t  of 
proposals fo r  the electrothermic smelting of zinc is  almost as long 
as those fo r  the blast fumaoe smelting of this metal, and of those 
in the f ie ld  o f hydrometallurgy. Several ambitious attempts at 
e le c tr ic  smelting upon a commercial scale have been made, but except 
in Norway where power is  exceptionally cheap, a l l  attempts have been 
fa ilu res  commercially and m eta llu rg ica l^ . Although such metallurgi­
cal d i f f ic u lt ie s  have been encountered, i t  is  in no sense, proof 
that they cannot be surmounted.
Since the use of e le c tr ic ity  o ffers advantages in experimental 
work, the use o f i t  in  this investigation was seriously considered and 
f in a lly  adopted. However, the use o f e le c tr ic ity  in our tests does
not, in any sense, lim it the application of the data obtained to elec­
tr ic  zinc smelting alone.
In choosing the process to be used the "Dry D is tilla tion  
process" as advocated by Ghas. H. Pulton v/as selected; a b r ie f resume' 
of which fo llow s.
PABI X I•
DRY DIS1IILMSI0M PROCESS .*
* O’Harra, B. M. She Electrothermic Metallurgy of Zinc, Bui. 208,
U. S. Bureau o f Mines.
1_. The Indestructible 3ricruet.
In  1914 Chas. H. Pulton proposed as an improvement In retort 
d is t i l la t io n  o f zinc ores, to mix the roasted ore with cohe and hot 
coal tar or other carbonaceous material, to act as a binder and to 
form this mixture into a briquet under pressure. She novel feature 
of these briquets was that they would preserve their strength and 
orig ina l form during and a fter the d is t illa t io n  of the zinc. Inis 
feature, of course, is  a decided advantage in that the residue is  pre­
vented from forming a slag, and that i t  is in ideal condition for 
blast furnace treatment to recover lead, copper and precious metals*
2 . She briquets as res is to rs .
She fe a s ib i l i t y  of using these briquets as resistors in an 
e le c tr ic  furnace soon presented i t s e l f  and a series of experiments
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were conducted "by Fulton in which i t  ?;as d e fin ite ly  proven that the
current could he passed d irectly  through these baked ore briquets, 
thus generating the heat ’•within" the ore charge; a feature, the ad­
vantage of which cannot be denied. Various types of furnaoes were 
designed u n til one suitable fo r  the process was obtained. In our 
tes ts , the experimental briquets, owing to their small size were not 
used as res is to rs . Shis however, is  the only marked departure from 
Fulton’ s process and is  no disadvantage as i t  did not a ffe c t the re­
su lts , in  a pos itive  manner, at least. I t  is  en tirely possible and 
probable, that la te r  experiments with larger units, using briquets 
as res is to rs , w i l l  disclose the fact that even better results would 
have been obtained had the heat been generated "within" the charge.
3_. Briquet Composition.
A fte r  a long series of experiments i t  was found that the best 
proportion to use in making briquets fo r this process is ; -
Zina ore - -  - -  100
Coke - - - - - -  7Q
pitch  - - - - -  25.
7 -
PAEP I I I .
EigsBriEirPAL m g s i io m o ir .
Introduction.
Phis investigation was carried on at the Mississippi Valley- 
Station of the Bureau of Mines, Holla, Missouri, in cooperation 
with the Missouri School of Mines and Metallurgy, under the direct 
supervision o f B. M. O’Karra, Associate Metallurgist, in Brief, 
as outlined in part I I , the process advocated By Ohas. H. Pulton 
was used in carrying out the experiments. In a l l ,  d is tilla tion  
tests were made on seven ores of d ifferen t representative analyses, 
and on a synthetic mixture of MnO and PB0,at 1000° respectively for 
s ix  hours, three hours, two hours, one hour and By heating up to 
1000° 0. Pests were made at 1100° G respectively fo r  two hours, 
one hour, and one-half hour, and just to 1100° 0. Also, tests were 
made at 1200° G respectively fo r one-half hour and just to 1200° C.
2. Ore Used - Hepresentative Gomplex Ores.
Seven representative complex sulphide ores were used in carry' 
ing out th is investigation . Phe analyses of the roasted ores are 
given in the fo llow ing table. Also the analysis of the synthetic 
mixture is  included.
-  8
2ABIE I .
ALtAIASES OF BaaS'IW) OQHCSHTBAgES USED IU EXPEimSIT-IS ♦
Zn Pb 3 Fe Gu Ag Au In so l.
1. Black 3ear 29.20 7.02 5.72 12.23 3.96 17.22 0.26 14.59
2, Anaconda Ho. 1 25.20 13.44 2.56 14.17 0.33 51.71 0.08 19.82
3. Bolivian 9.90 3.56 4.39 46.42 0.73 23.94 0.06 9.14
4. 3utte d Superior 54. 75 3.61 2.70 3.70 0.59 19.28 0.025 8.2
5. Elm Grlu 54.10 3.36 3.00 4.60 0.80 29.87 0.06 7.5
6 * Jmacon&a Ho. 2 36.25 11.32 2.90 15.20 2.30 50.25 0.09 7.9
7. Oanyon Eagle 55.94 0 »4r8 1.60 12.89 0.26 2.12 — 1.74
8 . Synthetic Mixture 64.23 18.60 Hone Hone Hone Hone Hone Hone
9. Black Bear
(100 mesh) 28.19 6.76 5.16 12.23 3.96 17.09 0.26 14.59
3_. Furnaces.
In the 1000° 0 experiments a niohrome wire resistance furnace 
was used. Shis furnace was In series with a rheostat enabling a close
temperature control to "be maintained.
In the 1100° and 1200° 0 tests Fulton's Grananular resistance 
furnace was used, a drawing o f which appears as Figure 1. This furnace 
was used on one phase of a three phase 220 vo lt A 0 c ircu it. I t  was In 
series with 2200 -  220 transformers, a Voltage regulator, and panel 




Fulton’ s Grananular Furnace.
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4. gemperature Control.
In a l l  the tests accurate temperature control was a prime 
necessity. 'This was accomplished by using platinum-platinum- 
rhodium thermocouples, previously standardized against Bureau of 
Standards metals (Gu, Zn, pb, .A1). As shown in Figure 2 the junc­
tion  o f the couple was encased in a fused s il ic a  tube, and inserted 
into the graphite crucible containing the heated briquet. ghe 
couple leads were run to a potentiometer, the cold end being held 
constant in  a thermos bo ttle .
She power input to the furnace was regulated through the 
voltage regulator {in  1100° and 1200° tests) attached to the three- 
phase panel board and by a rheostat {in  1000° te s ts ). By this 
means very accurate temperature control was obtained, the variations 
being less than 10° 0 , and then only fo r short intervals o f time.
5_. preparation of le s t Briquets( from ores) .
A fte r  the various ores had been roasted to the sulphur content 
desired, as shown in gable I ,  they were carefu lly sampled for assay, 
previous to roasting and sampling, the ores had been crusned to approxi­
mately 18 mesh. ghe coite to be used, also was crushed to the same mesh. 
Bhe three constituents were then weighed out in  the following proportions, 
which are the same proportions found best in Pulton's investigations at 
East S t. Louis in  1914.
-  11
Pitch  used To bind cru c ib le  Top' on ro  ■,ru 
v *ttcTton oj- Coup I t  .
Cttrap/ttre Crucible Co n r ,  in in f  B riqaer. 
B r i f u e r  in  p/oce.
Fa fe d  S ilica Tu be P  roTocTiny Couple, 
it  r  o-o H ire Top o r  C ru cio/e .
S/w i l l  S i/ ie iT u b e  in  :u , , r in f  Lou*.*  
C burfe i-eeds 6 o in j To floret* r io  m otor.
Figure 2.
Graphite Crucible With Briquet in Place.
12
Weight Proportion
Ore 20 grams 100
Coke 14 grams 70
Pitch __5 grams 25
Total: 39 grams.
The ore and cofee were weighed f i r s t  and thoroughly mixed by 
ro llin g . This mixture was then placed upon a heated graphite p late, 
and the 5 grams o f coal tar or pitch placed in the center of the p ile
of th is ore and oofee mixture. As the pitch melted i t  was kneaded
into the mixture, and as soon as a uniform sticky mass was obtained 
i t  was placed in the mold, a cut of which appears as Figure 3. This 
iron mold was o f such size that i t  would hold the charge. A hand 
vise was used to compress the briquet. This formed a briquet approxh 
mately one inch long and weighing on an average 36.00 grams. This, 
o f course, does not account fo r  a l l  the ore, cofee and pitch used, but
some is  lo s t in the kneading of the p itch  into the mixture and in the
various transfers o f the mixture during the process. Some pitch is 
also lo s t by v o la t iliz a t io n , when heating the mixture on the plate. 
These briquets were made in lo ts  o f 12.
6_. preparation o f Synthetic Briquets;
Aside from the briquets made o f representative complex ores, 
a set o f briquets was made from a synthetic mixture of zino oxide, 
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lead content. The fo llow ing proportions were used.
ZnO 240 grans
PbO 60 grams
Ooke (100 mesh) 210 grams
Pitch (100 mesh) 105 grans.
This mixture o f 615 grams was thoroughly ro lled ; then screened 
through 100 mesh to eliminate lumps of ZnO and PbO, and then thoroughly 
mixed and ro lled  a second time. A sample of this mixture was taken, 
the analysis of which w i l l  be found in Table I .  »
Aliquot portions (36 grams) of this mixture were then heated1
1 The p itch , i t  w i l l  be noted is  already present in the mixture, 
as in the preceding process o f making briquets from ore, and compressed 
into briquets. These also, were made in lots of 12.
1* Analysis of Paw Briquets.
Prom each lo t  of 12 briquets two were selected fo r  analysis. 
They were crushed through 200 mesh and assayed fo r  zinc, lead and 
s ilv e r ;  the average o f the two assays being taken to represent the 
assay o f each of the rem ining 10 briquets in eaoh respective lo t .
To show how these assays checked with the Zn, Pb, and Ag content as 
calculated from the analysis of the roasted ore used in each respec­
t ive  lo t ,  the fo llow ing table is  given.
*  15
SABLE I I .







Zn Pb Ag Zn pb Ag
1. Black Bear ■ 15.45 3.39 9.00 14.93 3.60 8.84
2. Anaconda Ho. 1 13.45, 7.48 25.62 12.93 6.89 26.5
3. Bolivian 5.20 1.89 12.76 5.08 1.824 12.28
4. Butte & Superior 28.95 1.81 10.38 28.10 1.85 9.89
5. Elm Orlu 28.45 1.69 16.09 27.75 1.72 15.31
6 . Anaconda Ho. 2 19.25 5.87 24.95 18.58 5.81 25.79
7. Canyon Eagle 29.25 0.377!b - 28.70 .246
—
8 . Synthetic Mixture 3Q.55 9.20 Hone 31.35 9.05 Hone
9. 31ack Bear
100 mesh 15.46 3.63 8.84 14.45 3.47 8.76
In the assay of these raw briquets, and also in the assay of 
the residues from the experiments, a special method, devised by Mr, Eahlbaum, 
Station chemist, was used. Phis was necessary due to the high uncomsumed 
carbon content o f the briquets and residues ; with few exceptions close 
checks were obtained in  a l l  the analyses.
fo r  the s ilv e r  assay a special charge also was necessary, but 
as a check, scorifica tions were run on a l l  residues; where the difference 
' was not too great the fusion assay was taken as being the more nearly correct.
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3. Manipulation.
She "briquet to be used in a test was weighed and then placed 
in a graphite crucible as shown in Figure 2. Each crucible was sup­
p lied  with a graphite l id  or top, in which were two holes, one for 
the thermocouple, and the smaller fo r  the escape of gases and zinc 
vapor, since no attempt was made to condense this vapor. Shis lid  
was sealed with p itch  to the crucible, as shown, and then the whole 
was placed in the furnace. The thermocouple was then adjusted so as 
to just touch the top o f the briquet within the crucible, the couple 
leads attached to a potentiometer or m illiv o lt  meter, and the power 
turned on. Figure 4 shows the set-up with crucible within the fur­
nace, and couple in place with leads attached to potentiometer. An 
asbestos plate top covered the furnace opening.
9_. Log of one Test.
Experiment Ho. 88 , February 9, 1923
Kind o f briquet, — Lot Ho. 2.
drams Content Mesh
20 Oanyon Eagle Concentrate 18
14 Coke 18
5 Pitch
Weight o f orig ina l briquet, 33.75 grams.
-  17 -
Figure 4.
Set-up o f Experiment.
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•lime o f experiment at constant temperature— 1100°—1 hour, 
power on at 1:00 p. M.
Time Kilowatts M illivo lts Terrrperati
1:00 1 .2 0.3 70°
1:10 1.0 1.3 370
ls 2Q 1.0 2.95 530
1:30 1 .0 3.95 670
1:40 1.5 5.50 875
1:50 1 .2 6.32 970
2:00 1 .0 7.20 1083
2:04 1 .2 • 7.35 1100
2:10 1 .0 7.40 m o
2:20 1 .0 7.40 1110
2:30 1 .0 7.32 1095
2:40 1 .0 7.35 1100
2:50 1 .0 7.22 1090
3:00 1 .0 7.30 1097
3:04 1 .0 7.35 1100
Power o f f at 3:04 P. 11.
Condition of residue briquet — firm.
Weight of residue briquet, —- 15.70 grams.
19
SUMMAEY
Zinc Content lead Content Silver Content
\7eight Per Cent Crams Per Cent Crams Oz.per ton Milligrams
Eaw briquet 33.75 29.25 9.8720 0.3775 0.1274
Besidue 15.70 0.47 .0738 0.3850 0,0604
Crams v o l. 18.05 9,7982 0.0670
Per cent v o l. 53.40 99.25 52.60
Yiihen the experiment time was completed the power was turned o f f ,  
graphite crucible removed from furnace, a cap o f plastic f ir e  clay- 
placed over the top to  prevent oxidation o f the residue and the 
crucible le t cool to room temperature* la ter the cap and lid  of 
the crucible were removed, the condition o f the residue briquet 
examined, weight o f residue determined, and the same sent to the 
chemist for analysis for 2n, Pb and Ag.
I t  w i l l  be noted in the above "log '1 that the time to heat from 
950° C (the point where zinc starts to v o la t il iz e ) to 1100° 0 was 
about 15 minutes* The average o f about thirteen tests at 1100° 0, 
however, indicate that twelve minutes is  about the average time*
In the 1000° 0 tests the average o f 12 tests indicate that 
10 minutes wane consumed in heating from 950 to 1000° C*
In  the 1200° 0 tests the average time o f heating from 950°
0 to 1200° 0 seems to be approximately 23 minutes*
10* Calculation o f Per Cent V o la tiliz ed *
AS w i l l  be noted in the log o f the above sample experiment, 
under "Summary* the per cent vo la tiliz ed  o f Zn, Pb and Ag, and the 
per cent loss in weight are calculated* As was stated in "Analysis
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o f Saw Briquet" (? ) the average o f the assays on two of the "raw" 
Briquets is tateen as the correct assay o f the Briquets used in the 
tests* Then from the analysis o f the residue the content o f the 
residue can he computed. These values (metal content o f the residue 
in  grams) subtracted from the computed original content gives the' 
grams lost or amount v o la tiliz e d  o f each metal, from which the per 
cent v o la t iliz e d  is  eas ily  computed.
11» Tabulated Results and Curves.
As a series o f tests were run on each o f the ores 
lis ted  in Table I ,  i t  fa c ilita ted  matters greatly to plot curves o f 
"Per Gent V o la tilized " against "Time" at a constant temperature. On 
the follow ing pages w i l l  be found the tabulated results o f the tests 
on the various concentrates, and the curves plotted therefrom.
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TABULATED HESTJITS OS’ TESTS Oil
BLACK BEAK 0 OITCEilT BATES
Analysis o f Boasted Concentres —
Zn . . . . 29.20 Cn • • • # 3*96
Ph . . . . 7.02 Ag • • • « 17«£££
S . . . . 5.72 Axi • « • • 0 *26
P© • • • • 12*23 Insol# • • 14*59
Experiment % Weight 
Tims loss
Per Cent Volatilized .
Ho. Temp. Zinc Lead S ilver
1 1000° C To 1000°C 16.9 5.7 /1.75
tt only
4 tt h 1 h r. 28,2 42.9 12.1 3.73
9 ft tt 2 hrs. 36,5 65,3
22 ft tt 3 hrs. 40.5 76.5 24.4 11.50





i C To 1100°C 31.1 
only.
57.2 20.60 5*00
50 tt tt 1/2 hr. 40.9 93.4 31.9 1.20
43 tt ft 1 hr. 42.7 98.5 40.7 1.2
56 tt tt 2 hrs# 37#0 92.9 35.10 4.0
57
Oo§
c To 1200°C 30.0 
only.
62.5 18.3 6.13













BLACK BEAR CONCENT RACES -  100 aesh.
Temperature 1000° C

TABULATES RESULTS OF TESTS ON
ANACONDA CONCENTRATES NO, 1
Analysis o f Roasted Concentrates —
Zn . • * • 25 » 20 On . .
Ph . • • • 13#44 Ag • • . .51.71
S . . . • £,56 An . .






















To 1100° C 18.70
only.
1/2  hr. 32.30
1 hr. 31.50
2 hrs. 33.3
TO 1200° 0 30,10
only
1/2  hr. 35,50
Per Cent Yo la tilized .
Zlno Lead S ilver
15.5 7.4 0 .0
45,8 12.8 /3.9








97.70 44.10 2 .2













ANACONDA CONCENTRATES NO. 1 
Temperature 1000* c
ANACONDA CONSENT HATES NO. 1 
Temperatures 1100° and. 1200° C
TABULATED ISSUE! 3 OF 2E3TS 01
BOLIVIAN COIICHTTBATES












. . . 9.90
• • • 3*56
• • # 4: * 39
• • • 46•42
%
Time
12 1000° c To 1000° C
only.
11 tt ft 1 hr.
10 It tt 2 hrs.
24 tt tt 3 hrs.
38 tt tt 6 hrs.
41 01100 c To 1100° C
only.
55 tt tt 1/2 hr.
40 tt tt 1 hr.
80 •i It 2 hrs.
92 1200° c To 1200° C
only.
95 tt tt 1/2  hr.
Weight
Cu . . . . 0.73 
• 23*94
,^13. • m # » 0*06
InsoX• • • 9•14 
Per Gent Volatilized*
loss Zinc Lead Silver
19.30 6.8 12.3 1.83
24.40 22.2 15.9 /1.7
25.20 36.0 /0.7
25.80 45.8 27.56 0 .6
29*31 37,0 57.7 /0 .2
22 .2 9.0 13.5 2 .0
24.4 22.9 28.3 /2 .2
25.8 44,6 34.0 /0.5
30.2 100*0 92.3 9.0
27.1 92.70 35.7 /3.50
29.7 100.0 90.0 10,80
-28.

Temperatures 1100O and. 1200® C
TABULATED RESULTS OP TESTS OH
BUTTE & SUPERIOR COECEHTRATES.
A n a ly s is  o f  R o a s te d  C o n c e n tra te s  —
Zn . . . .  5 4 .7 5 Cu . . . . 0 .5 9
Pb .  . . .  3 .6 1 Ag . . . .  1 9 .2 8
S .  • • .  2 .7 0 An . . . .  0 .0 2 5
Pe • » • .  3 .7 0 I n s o l .  • .  8 .2
E x p erim en t
Ho.
% W eight 
Time lo s s
P er Cent V o la t i l iz e d
Temp.» Zinc Lead S ilv e r
13 1 0 0 0 ° c To 1000°C  1 2 .5 1 5 .6 1 5 .9 4 . 4
15 tt tt
o n ly .
1 h r .  3 0 .0 5 1 .0 1 4 ,5 1 .5
14 tt tt 2  h r s .  4 2 .9 7 8 .9 2 8 .8
3 4 tt tt 3  h r s .  4 6 .7 8 1 .4 2 1 .6 1 1 .7 3
48 tt tt 6 h r s .  5 1 .2 8 8 .3 1 6 .9 8 .0
49 1 1 0 0 ° tt To 1 1 0 0 °  C 2 6 .2 6 4 1 .8 2 3 .7 2 .1 1
7 1 tt tt
o n ly .
l / 2  h r .  5 3 . 1 100 8 5 .4 1 1 .3
105 t l tt 1 h r .  5 1 .8 100 6 7 .8 1 6 .0
87 tt tt 2 h r s .  5 2 .9 100 9 0 * 8 1 0 .2
85 1 2 0 0 ° c To 1 2 0 0 °  C 4 8 . 4 9 0 .6 6 2 .5 9 .1
82 tt tt
o n ly .
1 /2  h r .  5 8 . 4 9 9 .6 8 5 .0 1 0 .4
■3L
BUTTE & STJPERIGB CONCEFTTRATES 
Temperature 1000° C
Temperatures 1100° and 1200° C
TABULATED RESULTS OF TESTS OF
B ill SHLCJ C0KCEJ3TBATES
A n a ly s is  o f  B o a ste d  C o n c e n tra te s  —
2n • • • • 54.10 
Ph • • • # 3 *3 6  
3  * • • • 3 * 0 0  
Fe • « * • 4 # 6 0
Cu . . .  .  0 ,8 0
Ag . . . .  2 9 #8 7  
An . . .  • 0 * 0 6
I n s o l .  .  . 7 . 5
E x p e rim e n t $  W eight P er Cent V o la t i l i z e d
HO. Temp. lim e lo s s Zinc 1*6 3d S i lv e r
17 1 0 0 0 ° c To 1000°C 1 2 .7 1 1 .9 2 .3 4 6 .3
18 ft tt
o n ly #
1 h r . 2 8 . 5 4 6 .8 5 .6 6 .1
16 ft «t 2 h r s . 4 3 .6 8 0 .1 2 2 .2
2 5 tt It 3§-. h r s . 4 7 .6 8 5 .6 2 8 .0 0
5 1 It ft 6 h rs # 4 9 .1 8 4 .5 3 5 .3 0 6 .3 0
58 1 1 0 0 ° c To 1100°C 2 7 .3 4 2 .4 / 6 . 0 4 8 .7 3
52 tl ft
o n ly .
1 / 2  h r . 4 8 .0 8 9 .5 3 5 .3 9 .0
4 5 w t» 1 h r . 4 8 .6 9 5 .0 5 0 .2 9 ,6
8 3 It It 2  h r s . 5 1 .8 0 9 9 .5 82 *8© 6 .1 0
6 4 1 2 0 0 ° 0 To 1200°C 4 9 .3 0 9 4 .3 5 1 .6 0 / 1 6 .1
8 9 H ft
o n ly .
1 / 2  h r . 5 1 .8 0 1 0 0 .0 9 9 .2 0 1 2 .0 0
-34-
ELM OBUJ CONCENTRATES 
Temperature 1000° C
ELM 'HLtJ COECETTTHATES 
Temperatures 1100° and 1200° 0
TABULATED RESULTS OP TESTS OH
AHACOHDA COHCEETRATES HO. 2
A n a ly s is  o f  R o a s te d  C o n c e n tra te s  —
Zn . • • . 2 6 * 2 5 Cu .  . . .  2 .3 0
Fb . • • • 1 1 *3 2 Ag . .  . .  5 0 .2 5
S . • • • 2 *9 0 An . . . . 0 .0 9
Pe . • ♦  * 1 5 *2 0 I n s o l .  . . 7 .9
E x p erim en t
Ho. Toinp* Time




Cent V o la t i l iz e d  
Lead S i lv e r
20 1 0 0 0 °  0  To 1 0 0 0 °  C 
o n ly .
1 2 .8 8 .5 4 .2 / 0 . 5
2 1 tt w 1 h r . 2 6 .8 5 3 .7 6 .9 / 0 .7
19 « »» 2  h r s . 2 9 .0 5 7 .5 7 .8 8 / 1 . 3
35 ti ti 3 h r s . 3 6 .6 7 9 .2 13*8 1 .0
42 n «• 6 h r s . 4 1 .6 9 6 .7 2 5 .5 0 .0
62 1 1 0 0 °  0 TO 1 1 0 0 °  C 
o n ly .
2 6 .1 4 5 .4 5 1 .4 / 9 .2
79 11 II 1 / 2  h r . 4 0 .8 100 3 0 .5 6 .1
7 6
ft tt 1 h r . 4 1 .9 100 3 4 .3 2 3 .1
7 2
n it 2  h r s . 4 3 .5 100 5 5 .5 / 8 .6 4
91 1 2 0 0 °  C To 1 2 0 0 °  C 
o n ly .
3 7 .1 8 8 .1 1 8 .9 3 6 .0
9 6 ti ii 1 / 2  h r . 4 4 .3 100 7 1 .6 9 .3 2
-3 7 ’
tem perature 1000° c
Temperatures 11000 and. 1200<> c
TABULATED SESULTS ©F TESTS 01 
CAHYCM EAfiXE GOHOEHERATES
A n a ly s is  o f  B o a s te d  C o n c e n tra te s  —
Zn .  . . .  5 5 .9 4 Ou • . • . 0 .2 6
Pb .  . .  • 0 .4 8 • • • • 2 .1 2
S .  . .  .  1 .6 0 j to. • • • # — -
Fe • . .  .  1 2 .8 9 12130  X • • • 1 .7 4
E x p erim en t
Bo. Temp. Time
31 1000°  c To 1000O C 
o n ly .
3 0 tt tt 1 h r .
33 t« t» 2 h r s .
67 II M 3 h r s .
5 4 If tt 6 h r s .
5 9 1 1 0 0 °  c To 1 1 0 0 °  C 
o n ly .
7 3 tt tt 1 / 2  h r .
88 It If 1 h r .
7 8 tt tt 2  h r s .
90 1 2 0 0 °  0 To 1 2 0 0 °  0 
o n ly .
9 7 tt tt 1 / 2  h r .
% W eight P e r  P ent V o la t i l iz e d
lo s s Z inc le a d
1 2 .8 1 0 .7 3 4 .6
2 9 .8 4 8 .5 5 7 .4
4 1 .6 7 0 .8 2 9 .0
3 2 .1 5 1 .5 6 2 .4
5 2 .9 9 1 .9 8 2 .8
4 2 .0 7 5 .0 8 9 .3
5 1 .5 100 7 6 .3
5 3 .4 9 9 .3 5 2 .6
5 3 .1 100 8 3 .4
4 8 .9 9 4 .0 9 5 .9
5 3 .0 100 9 1 .3 0
-40.
CAHT&T ^A T^.-R GOBCanPBAIES 
Temperature 1000° C
GANT OK EAGLE CONCENTRATE 
Temperatures 1100° and 1200° C
TAFUIATEID RESULTS OF TESTS OF
SYFTHETIC MIXTURE
Am lys is  o f Synthetic Mixture — —
Zn .  . . . 6 4 .2 3 Cu .  . . . Fone
Fb . . . .  1 8 .6 0 Ag . . . . Fone
S .  . . • Fone An • • • .  Fone
Fe • • .  .  Fone I n s o l  . . Fone
E x p e rim e n t
SO. Temp.















Time l o s s
C To 1 0 0 0 ° 0 1 0 .9
o n ly .
f t 1 h r . 2 4 . 2
ft 2  h r s . 4 1 .3
ft 3  h r s . 5 0 .0
tt 6 h r s . 5 2 .0
c To 1100O 0 3 2 .2 2
o n ly .
tt 1 / 2  h r . 5 1 .2 1
»t 1 h r . 5 1 .1
tt 2  h r s . 5 1 .2
0 To 1 2 0 0 °  C 5 0 .6
o n ly .
tt l / 2  h r . 5 2 .7
P e r Cent V o la t i l iz e d
2k*2. Lead.
1 7 .8 4 .8
4 5 .2 5 4 .6
7 5 .4 6 .7 8
9 8 .0 4 .0
9 8 .3 7 .9
4 5 .4 2 .8
100 2 3 .4
100 2 1 .3
100 2 5 .5
100 3 7 .2





















Temperitares 110CC tuid 1200° C
TABULATED RESULTS OP TESTS OK
BLACK BEAR COKCEKTRATES -  100 M esh.
Analysis o f Roasted. Concentrates —
Zn . . .  .  2 8 .1 9  
Ph .  .  .  • 6 * 7 6  
S « . .  • 5 .1 6
Pe « . . .  1 2 .2 3
Cu. . . . .  3 .9 6
Ag .  . . .  1 7 .0 9  
An . . . .  0 .2 6
I n s o l .  . .  1 4 .5 9
«
E x p erim en t
Ho. Temp. Time
$ W eight 
l o s s
P e r  Cent V o la ti l iz e d . 
Z inc  Lead S i l v e r
39 1000°C To 1 0 0 0 ° 0  
o n ly .
1 8 .9 1 2 .6 4 *9 0 .8
66 ft It 1 h r . 2 8 .1 4 2 .7 8 .3 / 0 . 3
65 ft ft 2  h r s . 3 0 .0 4 8 .1 1 2 .4 / 2 . 0
68 ff ft 3  h r s . 3 5 .1 6 7 .9 9 .1 / 0 . 2
60 ft ft 6 h r s . 3 4 .5 6 0 .0 1 5 .3 / 0 . 8
70 1100°C To 11000C 
o n ly .
3 3 .7 7 0 .2 2 3 .5 / 3 . 9
100 ft ff 1 / 2  h r . 3 5 .8 9 0 .0 2 4 .6 5 .4
7 7 ff ff 1 h r . 4 0 .7 9 9 . 4 4 9 .5 0 .6
101 ft ft 2  h r s . 3 9 .6 9 9 .0 6 6 .2 4 .3
99 1200°C To 1 2 0 0 °  C 
o n ly .
3 8 .0 9 9 .0 4 0 .7 1 0 .9
102 ft n 1 / 2  h r . 4 0 .7 100 9 1 .4 1 6 .1 0
—46.
















1 .  Z inc  —  1 0 0 0 °  Q T e s t s .
The c o n c e n tr a te s  u s e d  i n  th e  v a r io u s  t e s t s  may be d iv i d e d ,  
r o u g h ly , i n t o  two c la s s e s jn a x a e ly , th o s e  “h ig h ** i n  z i n c ,  and th o s e  
c o m p a ra tiv e ly  "low " i n  z i n c .  Those w ith  a  " h ig h ” z in c  c o n te n t  a re :
1. Synthetic lihxfcure -  -  - -  64.23$
2. Canyon E a g le - --------- ----- 55.94
3. Butte & Superior---- -  -  -  54.75
4. Elm Orlu- ------ ----------- --- 54.10
and those with a '♦low*1 zinc content are:
1* Anaconda Ho. 2  ------------------ -  -  3 6 . 2 5 $
2. Black B ear--------- * ------ 29.20
3. Black Bear — 100 mesh -  28*19
4. Anaconda Ho. 1 --- --- -  -  25.20
5. Bolivian -------- -  9.90
When th e  c u rv e s  f o r  th e  1 0 0 0 °  C t e s t s  w hich a r e  m arked ” BM a re  
s t u d i e d  c a r e f u l l y  th e  fo llo w in g  g e n e r a l i z a t i o n s  c a n  b e  drawn:
( a )  W ith o n ly  a  few  e x c e p tio n s ,  i t  w i l l  be n o te d , th e  p e r  c en t 
z i n c  v o l a t i l i z e d  i n c r e a s e s  r a p i d l y  u p  to  and in c lu d in g  th e  " th re e  
h o u r ” t e a t s ,  Any in c r e a s e  i n  th e  le n g th  o f  tim e  o f  d i s t i l l a t i o n  
o v e r  th r e e  h o u rs  shows c o m p a ra tiv e ly  l i t t l e  more o f  th e  m etal (Z n)
t o  b e  v o l a t i l i z e d .  The o n ly  e x c e p tio n  to  t h i s  g e n e r a l iz a t io n  seems 
t o  b e  i n  t e s t s  on th e  Canyon E a g le  C o n c e n tra te s . A s tu d y  o f  th e  
c u rv e  f o r  th e  Canyon E a g le  c o n c e n tr a te s  w i l l  show th a t  e i t h e r  f a u l t y  
te m p e ra tu re  c o n t r o l  o r  i n a c c u r a te  sam p lin g  and a s s a y in g  o f  th e  re s id u e  
c o u ld  c a u se  t h i s  a p p a re n t  d e v i a t i o n .
(b )  F u rth e rm o re , i t  w i l l  b e  n o te d  t h a t ,  w ith  th e  e x c e p tio n  
o f  th e  B o liv ia n  c o n c e n tr a te s  (w h ic h  a r e  e x c e p t io n a l ly  low i n  z in c
~49.
c o n t e n t )  and th e  S y n th e t ic  M ix tu re  (w h ic h  i s  e x c e p t io n a l ly  h ig h  in  
z in c  c o n t e n t )  th e r e  re m a in s  a p p ro x im a te ly  15 $  o f  z in c  n o t  v o l a t i l i z e d  
a t  th e  tim e  w hen z in c  p r a c t i c a l l y  c e a s e s  to  "be v o l a t i l i z e d .
2 ,  Lead —  1 0 0 0 °  g  T e s t s .
As w ith  th e  z i n c ,  th e  c o n c e n tr a te s  may he d iv id e d  in to  two 
c l a s s e s .  Those "h ig h ” i n  le a d  c o n te n t a re :
1. Snythetic M ix tu re---------------  18.60$
2* Anaconda Ho. 1- -  --------- --- -  13.44
3. Anaconda Ho. 2--------- -  ------ 11.32
4* Black Bear- ------ -- ----- -  -  -  7.02
5. Black Bear — 100 mesh- ---------- 6.76
Those "low" in  lead content are:
1* Butte & Superior -  - -  —  -  3.61 $
2* Bolivian- -------------------   3.56
3. Elm Srlu---------------------------------3.36
4. Canyon Eagle------- ---------------- 0.48
When th e  c u rv e s  f o r  th e  1 0 0 0 °  C t e s t s ,  marked M0 W, a r e  s tu d ie d  
c a r e f u l l y  th e  fo llo w in g  g e n e r a l i z a t i o n  can  h e  drawn;
( a )  W ith  th o s e  c o n c e n tr a te s  "low " i n  le a d  th e r e  i s  g r e a t e r  
v o l a t i l i z a t i o n  th a n  i n  t h e  c o n c e n tr a te s  h a v in g  a  "h ig h " le a d  con­
t e n t .  To c o r r o b o r a te  t h i s  g e n e ra l s ta te m e n t  th e  fo llo w in g  curve 
i s  p r e s e n te d .  R o u g h ly  i t  shows how th e  p e r  c e n t le a d  i n  c o n c e n tra te  
a f f e c t s  th e  p e r  c e n t  le a d  v o l a t i l i z e d .  I t  w ould seem to  in d ic a te  
t h a t  th e  p e r  c e n t  le a d  v o l a t i l i z e d  i s  i n  some in v e rs e  r a t i o  to  th e  
p e r  c e n t le a d  i n  th e  c o n c e n t r a te .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  on an a v e ra g e  about 2 6 $  o f  th e
le a d  i s  v o l a t i l i z e d  i n  th e  " low 11 le a d  c o n c e n tr a te s  a t  th e  tim e when 
t h e  z in c  p r a c t i c a l l y  c e a s e s  to  v o l a t i l i z e .  T here i s  one e x c e p tio n ;  





















Based on t e s t s  at 1000° 0 f o r  2 h o a rs .
e m p h asizes  t h i s  g e n e r a l  r u l e  o f  " low  lead, h ig h  v o l a t i l i z a t i o n  l o s s " ,  
r a t h e r  th a n  d is p r o v e s  i t ,  s in c e  t h i s  c o n c e n tr a te  i s  e x c e p t io n a l ly  
"low " i n  le a d  and shows an  e x c e e d in g ly  h ig h  le a d  v o l a t i l i z a t i o n .
F u r th e r ,  i t  i s  e n t e r e s t i n g  to  n o te  th a t  i n  th e  'h ig h "  le a d  
c o n c e n tr a te s  th e  amount o f  le a d  v o l a t i l i z e d  i s  about 12 p e r  c e n t 
a t  th e  tim e  when th e  z in c  p r a c t i c a l l y  c e a s e s  to  be v o l a t i l i z e d .
.Another f e a t u r e  w o rth y  o f  b e in g  m entioned  i s  t h a t  in  th e  "high" 
le a d  c o n c e n tr a te s  t h e  amount o f  le a d  v o l a t i l i z e d  does n o t in c re a s e  
much w ith  in c re a s e d  tim e  o f  h e a t i n g .  T h is  i s  t r u e  o f  t h r e e  o f  th e  
f i v e  " h ig h "  le a d  c o n c e n t r a te s .
3» S i l v e r  —  1 0 0 0 °  C T e s t s .
I n  th e  1 0 0 0 °  C t e s t s  i t  seem s t h a t  th e  s i l v e r  v o l a t i l i z e d  
i s  so s m a ll t h a t  th e  a c c u ra c y  o f  th e  a s s a y s  i s  n o t s u f f i c i e n t  to  
d e t e c t  i t .  Some t e s t s ,  i t  w i l l  b e  n o te d , show a  s l i g h t  l o s s ,  w h ile  
o th e r s  show a  s m a ll g a i n ,  th e  l a t t e r  b e in g  a s c r ib e d  to  e r r o r s  i n  
sa m p lin g  and  a s s a y in g  th e  r e s i d u e s .  On th e  w h o le , wre a re  n o t f a r  
w rong i n  s a y in g  t h a t  th e  s i l v e r  h o ld s  c l o s e l y  to  th e  zero  l i n e ,  th e  
g a in s  a b o u t b a la n c in g  th e  l o s s e s .
4 .  Z in c  —  1 1 0 0 °  C T e s t s .
H ere a g a in  th e  c o n c e n tr a te s  c a n  b e  c l a s s i f i e d  a s  in  th e  1000°  0 
t e s t s .  I t  w i l l  b e  n o te d  t h a t  a l l  th e  z in c  i n  th e  "h ig h " z in c  con­
c e n t r a t e s  i s  v o l a t i l i z e d  a t  th e  end o f  th e  o n e - h a lf  h o u r t e s t s ,  and 
n e a r l y  a l l  v o l a t i l i z e d  i n  th e  "low" z in c  c o n c e n tr a te s .  I t  w i l l  be 
n o te d ,  t o o ,  t h a t  th e  e x c e p t io n a l ly  "low " B o liv ia n  c o n c e n tra te  shows 
a  s lo w e r v o l a t i l i z a t i o n  r a t e ,  th e  z in c  n o t b e in g  c o m p le te ly  v o l a t i l i z e d  
u n t i l  a t  th e  end o f  th e  two h o u r  p e r i o d .
—52—
5« Lead 1 1 0 0 °  C T e s t s .
I n  m ost a l l  th e  t e s t s  th e  le a d  r e s u l t s ,  i t  -w ill he n o te d , a re  
e r r a t i c .  In  g e n e r a l ,  from  10 to  30% o f  th e  le a d  i s  v o l a t i l i z e d  
when th e  z in c  i s  n e a r l y  c o m p le te ly  v o l a t i l i z e d ,  w hich  i s  a t  th e  end 
o f  th e  o n e - h a lf  h o u r t e s t s .
6» S i l v e r  —  1 1 0 0 °  0  f f e s ts .
IS  i n  th e  1 0 0 0 °  0  t e s t s ,  th e  l o s s  i s  so low t h a t  th e  same 
c o n c lu s io n s  m ight w e l l  he drawn h e r e .  However, t h e r e  a r e  more 
i n d i c a t i o n s  o f  lo s s  th a n  i n  th e  1 0 0 0 °  0  t e s t s .
7 *  Z inc —  1 2 0 0 °  C B e s t s .
I n  n e a r l y  e v e r y  t e s t  9 0 ^  o r  more o f  th e  z in c  i s  v o l a t i l i z e d  
h y  th e  tim e  th e  te m p e ra tu re  h as  re a c h e d  1200° 0 .  Any e x c e p tio n s , i t  
w i l l  h e  n o te d ,  shows 100 p e r  c e n t  v o l a t i l i z a t i o n  lo s s  a t  th e  end o f  
o n e - h a l f  h o u r a t  t h i s  te m p e r a tu r e .
8 .  Lead 1 2 0 0 °  C T e s t s .
3?he o n ly  t h i n g  t h a t  can he p o in te d  o u t i n  th e  le a d  cu rv es 
i s  t h a t  th e  amount o f  le a d  v o l a t i l i z e d  when 1200° C i s  re a c h e d , on 
a n  a v e r a g e , i s  a b o u t th e  same a s  th e  amount v o l a t i l i z e d  in  th e  
1 1 0 0 °  0  t e s t s  a t  t h e  end o f  th e  o n e - h a l f  h o u r t e s t s .
9 .  S i l v e r  —  1 2 0 0 °  C g e s t s .
d n  m ost a l l  o f  th e  t e s t s  th e  s i l v e r  l o s s  v a r ie s  from  5 to  10%
10» p in e  Mesh v s .  C o a rs e  Me3h.
One c o n c e n tr a te  (B la c k  B e a r ) was c ru sh e d  to  100  mesh and th® 
same s e r i e s  o f  t e s t s  made a s  w i th  18 mesh B lack  B e a r. Coke c ru sh e d
63.
t o  100  mesh was a l s o  u s e d .  A c o m p ariso n  o f  th e s e  two s e t s  o f  t e s t s  
a t  1 0 0 0 °  0  shows t h a t  le s s  o f  th e  m e ta l c o n te n ts  i s  v o l a t i l i z e d  when 
100  mesh m a t e r i a l  i s  u s e d  th a n  when c o a r s e r  m a te r ia l  i s  u s e d .
11» g e n e r a l  C o n c lu s io n s .
From th e  above g e n e r a l i z a t i o n s  on th e  z i n c ,  le a d , and s i l v e r  
v o l a t i l i z a t i o n s  i n  th e  ab o v e t e s t s ,  a  few g e n e ra l c o n c lu s io n s  m ight 
w e ll  b e  draw n.
I t  w ould seem t h a t  to  h e a t  a t  such  a  r a t e  a s  to  approxim ate  
b r in g in g  th e  c h a rg e  u p  to  1 0 0 0 °  0  and h o ld in g  i t  th e r e  f o r  two h o u rs , 
a t  w h ic h  tim e 65 to  7 5 % o f  th e  z in c  i s  v o l a t i l i z e d ,  and th e n  to  h e a t 
u p  to  1050  o r  1 1 0 0 °  0 i s  th e  b e s t  c o n d itio n s  f o r  o b ta in in g  maximum 
v o l a t i l i z a t i o n  o f  z i n c ,  and a t  th e  same tim e keep  o th e r  m e ta l 
v o l a t i l i z a t i o n s  a t  a  minimum. Such a  h e a t in g  r a t e  m ight be a c ­
co m p lish ed  b y  h e a t i n g  a t  t h a t  r a t e  w hich w ould co v e r th e  ran g e  
b etw een  1 0 0 0 °  0  a n d  1 1 0 0 °  C i n  a p p ro x im a te ly  two h o u rs . I n  t h i s  
way th e  z in c  r e c o v e ry  w ould ap p ro a c h  9 0  to  9 5 $  w h ile  th e  v o l a t i l i z a ­
t i o n  o f  le a d  w ould be ab o u t 10  to  2 5 $ ,  and th a t  o f  s i l v e r  n o t over
*
5 $ .
Of c o u r s e ,  i t  m ust b e  remembered th e  " s p e c i f i c ” tim e a s  o u tl in e d  
h e r e  c a n n o t b e  a p p l ie d  to  la r g e  c h a rg e s  as a re  u se d  in  r e t o r t s ,  e t c . ,  
a s  i t  ta k e s  i n  r e t o r t  p r a c t i c e  some £ 4  h o u rs  to  d i s t i l l  th e  charge* 




S ch o o l o f  M inas & M e ta l lu r g y , U n iv e r s i t y  o f  M isso u ri B u l l e t i n ,  
M arch, 1 9 2 2 . T e c h n ic a l S e r i e s  Volume 6 ,  Ho. 2 .  ”A B ib lio g ra p h y  on 
th e  E l e c t r o  th e rm ic  M e ta l lu r g y  o f  Z in c . M
The above Bu l l e t i n  i s  a  c o m p le te  b ib l io g r a p h y  on th e  e l e c t r o -  
th e rm ic  m e ta llu r g y  o f  z in c  u p  to  1 9 2 1 , and c o n ta in s  a l l  r e f e r e n c e s  
u se d  i n  th e  p r e p a r a t io n  o f  t h i s  t h e s i s .
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